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Background of the Invention 

This invention relates to abrasive articles 
A vitreous bonded abrasive product, such as a conventional grinding wheel, comprises three volume 
5 components: an abrasive particulate material which usually occupies about 40 to 50 vo!%; a vitreous bond 
material that provides typically about 5 to 15 voi% of the total; and the balance of the volume is void space. 
The function of the bond material is to bold the : abrasive particles in place so that they can do the abrading 
work. In a typical vitreous bonded product of the prior art the glass components are added to the abrasive 
particles and the mixture is heated till the glass components melt, fuse to form a glass, and then flow to the 
to particle contact points to form a bond post that solidifies on cooling. This provides the rigid structure of the 
finished product In a more recent method the glass bond material is formed separately as a molten mass, 
cooled to solidify and then ground up. This ground up material, known as a frit, is then mixed with the 
abrasive particles. The advantage of this procedure is that the heating step can he shortened, the bond 
composition is more uniform arid the forming temperature can often be reduced. 
75 It will be appreciated that the rigidity and strength of the products of the prior art are often determined 
by the bond posts. Glass, being an amorphous material, has a low strength, (about 40 to about 70 MPa), by 
comparison with the abrasive particles. This low strength gives rise to premature release of grain and 
enhanced wear. Hence the grinding ability of vitreous bonded products is in theory limited by the strength 
of the posts. In practice, with most abrasives, such limitations were not very significant. Some more modem 
20 abrasives however are adapted to perform best under a heavy load and this puts the bond under 
considerable stress. Traditional glass bonds are often found inadequate under such conditions and there is 
therefore a need for vitreous-based bonds with a greater ability to operate under high stresses. 

It has been proposed that there might be advantage in the use of a glass-ceramic bond to bond 
abrasives. However it has not been found possible heretofore to ensure that the . bond material is 
25 concentrated in the bond posts or in coating the abrasive grits. This of course is extremely inefficient and 
has not resulted in any commercialization of such glass-ceramic bonded materials in spite of the potential 
advantages that might be expected. 

The present invention provides such a bond material. It has significantly greater strength than traditional 
bonds and is easily formed. Abrasive products comprising such bond materials often perform substantially 
30 better than those made with prior art bonds. The bonds can be used with a wide variety of abrasives and 
exhibit an impressive versatility in the kinds of abrasive products that can be made with them. 

The present invention also provides a bonded abrasive product or article according to independent 
claim 1 . Further advantageous features, aspects and details of the invention are evident from the dependent 
claims, the descriptionand examples, 
as The invention provides bonded abrasive articles and particularly those bonded with a bond material that, 
can be converted to a semi-crystalline ceramic bond. 

The abrasive products or articles of the invention preferably comprise abrasive particles held together 
by a glass-ceramic bond material wherein at least 75% of the bond material is present in theform of bond 
posts or a coating on the abrasive particles. 
40 Glass-ceramic materials are defined for the purposes of this specification as materials that are 
processed and formed as glasses but which, on heating, can be converted to a semi-crystalline material 
with a crystaliinity of at least about 50% and more preferably exceeding 80%, and a grain size, (longest 
dimension), of less than about 10 urn and preferably of about a micron or even less. 

The glass ceramic can be tailored to the abrasive particle with which it is to be used so that it has a 
45 matched coefficient of thermal expansion, for example within 20% of that of the abrasive. This may often 
result in reduced thermal stresses within the structure and consequently enhanced strength. While such a 
match of expansion coefficients may often be desirable, it is not an essential feature of the broadest aspect 
of the present invention. The degree of crystaliinity can be adjusted to give a match of the mechanical 
strength of the bond with the abrasive particles or to ensure that the particles release when they have been 
so smoothed and cease to cut effectively. 

The use of glass-ceramic bonds in a vitreous bonded abrasive wheel enables the wheel to be operated 
at higher rotational speeds because of the greater mechanical strength of the wheel. In addition it permits 
the use of less bond material to achieve a comparable level of performance as can be obtained with 
conventional vitreous bond materials. The greater bond, strength also results in better corner holding and 
55 overall a significantly improved wheel by comparison with the prior art wheels made with conventional 
vitreous bonds. 

The physical mechanism by which these results are obtained is not completely understood but it is 
thought to be related to the fracture mechanism in glasses. In an amorphous structure crack propagation is 
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uninhibited by intervening structures and so the crack propagates until it reaches a surface and the glass 
breaks. In a glass-ceramic however the microcrystals dispersed in the glass matrix appear to cause crack 
branching which limits propagation and thus maintains the integrity of the structure far longer . 

Glass-ceramic compositions tend to nucleate and crystallize at high viscosities and this tends to arrest 

5 deformation and densification. The selection of the components is therefore a matter of great importance. 
The key parameters are that the glass must flow, wet the abrasive particles, and form dense bond posts 
before, or at least concurrent with, the onset of crystallization. The flow properties are particularly important 
so as to ensure that the bond material in the final product is located in the bond posts or in a coating on the 
abrasive grits rather than in separated non-functional areas of the bonded material. In the present invention 

to at least about 75% and preferably at least about 85%, or higher, is present in these locations, indicating 
that the desired degree of flow and coating has been achieved. 

In the production of a glass-ceramic bonded abrasive article, the components are melted into a glass 
which is then cooled and ground to a powder, preferably one with a particle size of about 200 mesh* or 
finer. In general, the finer the powder the better. This is because the surfaces of the particles present a 

15 plurality of potential surface nucleation sites and the greater the surface area of the glass powder, the larger 
the number of sites at which the desirable crystallinity can be initiated. The glass powder is then mixed with 
the abrasive in the requisite proportions along with any temporary binders, plasticizers and the like that may 
be desired. This mixture is then formed into a bonded abrasive product using conventional equipment The 
critical parameter that determines the degree of crystallinity, (apart from the composition), is the firing 

20 schedule. This varies with the composition of the glass-ceramic and controls not only the degree of 
crystallinity but also the size of the crystals and ultimately the properties of the glassTceramic. The firing 
schedule is often, but not essentially, a multi-step operation. In a typical schedule the dense glass bond 
posts are formed at an optimal temperature that is determined by the glass components. The product is 
then brought to the optimal nucleation temperature, (usually from about 30 *C below, to about 150* C above 

25 the annealing temperature), for a fixed time, followed by a period at the optimal crystal growth temperature. 
As an alternative, with certain glass formulations, it is possible to carry out simultaneous 
200 mesh = 74 urn. 

nucleation and crystal growth at the bond post formation temperature. 

This procedure gives rise to dense glass-ceramic bond posts that 1 have significantly greater strengths 
30 than those of conventional glass bonds. 

In some cases it is possible to provide that the- crystalline material separating from the glass melt is 
itself an abrasive and contributes to the abrasive properties of the final product. In an extreme situation this 
separating abrasive material is the sole abrasive component of the mixture such that the abrasive is, so to 
speak, generated "in situ". In such an event however the desirable porosity of the abrasive composite must 
35 be supplied by other means such as sacrificial components, blowing agents or the like. 

The invention is now described with reference to certain preferred embodiments which are presented to 
provide illustrations of the invention 

Figure 1 presents two SEM micrographs at magnifications of 150, (la), and 900, (1b), of a bonded 
structure according to the invention. Figure 1a shows the abrasive particles with the bond in place; 
40 Figure 1b show a single bond post and its microstructure. As can be seen the bond post comprises a 
plurality of fibrous crystals with random orientation. There is also a small amount of residual porosity. 
Figure 2 comprises two SEM micrographs illustrating other kinds of crystal structure that can be present 
in a glass ceramic. Figure 2a shows spheroidal, and 2b shows dendritic crystal structures. Such 
structures can be obtained by suitable modifications to the firing schedules and the proportions of the 
45 components included in the mixture from which the glass-ceramic is formed. 

Figure 3 shows graphs comparing the properties of bonded wheels that are identical except in terms ot 
the bond. A conventional vitreous bond is compared with a glass-ceramic bond in accordance with the 
invention. The properties compared are G.Ratio and Cutting ability. The wheel according to the invention 
is the same as that described above in Figure 1- The comparative wheel uses a commercial vitreous 

b The production of a bonded product according to the invention is further illustrated with reference to the 
following Example. 



Example 1 

A glass-ceramic bond material was made by preparing a lithium aluminosilicate. (LAS), glass powder 
having the composition shown in Table 1 below. The glass was obtained from Sandia National Uboratories 
under the designation "SB Glass". The composition information included below was derived from that 
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source. 



Table 1 



Raw Composition (wt%) 


Fused Composition (wt%) 


Si02 


61.2 


SiCb 


74.4 


AI2O3 


4.1 


AI2O3 


5.0 


H3BO3 


1.9 


B2O3 


1.3 


IJ2CO3 


25.6 


U 2 0 


12.5 




5.1 


K2O 


4.2 


P 2 05 


2.1 


P2O5 


2.6 



The glass batch was melted at about 1 400-1 500 *C in a platinum crucible. The melting time was about 
15 24 hours. The melting glass was intermittently stirred. Glass granules were prepared by water quenching 
the molten glass and then comminuting, (using a ball mill), to about 200 mesh or smaller by ball milling with 
alumina balls in an alumina mill for about 15 hours. 

The glass powder was mixed with abrasive grains of an alpha-alumina, (S6 Alumina), prepared by a 
seeded sol gel process, (microcrystalline size of about 0.2 urn ), as described in USP 4,623,364 and a 
20 temporary , binder in the proportions shown in Table 2. The mixture was then subjected to the firing 
schedule which is also set forth in Table 2, as it was formed into a grinding wheel. 

Table 2 



Mix formula (wt%) 




SG (80 grit) 


87.94 . 


Citric Acid (50% soln.) 


2.02 


Dextrin (first addition) 


0.88 . 


Dextrin (secon addition) 


0.94 


Glass frit 


8.21 


(The Dextrin was derived from corn starch.) 



35 



Firing Schedule 



Ramp: Room Temp, to 640 ■ C at 1 50 * C/hour 
Soak: One hour 
40 Ramp: 640 • C to 930 * C at 25 • C/minute 

Soak: One Hour . .. k«„h 

At the same time a wheel was made from the same abrasive grain using a commercial v.freous bond 
used by Norton Co. in the production of vitreous bonded wheels. The bond is identified as HA4C. The same 
amount of bond and abrasive was used to produce a wheel of the same grade as the wheel of the invention 
45 whose production is described above. ^ 

Typical SEM micrographs of the wheel of the invention are shown in Figure 1. Rgure 1a shows that the 
bond has good flow and wetting of the grain particles and that good bond geometry has been thieved The 
mCoraph shows clearly that essentially all the bond material is located in bond posts or in a cc.at.ng of 
suXTfSre 1b shows that the bond comprises predominantly of needte-like crystals Aspersed 
50 raTssyTal ^e needles are determined, by X-Ray Diffraction techniques, to be lithium s.hcate , wrth 
the formula LfeSiOa. In addition lithium phosphate and cristobalite crystals are present as determined by X- 
Tay fraction and the overall crysta.linity in the bond was determined to be about 50% Th,s ; » oduct as 
indicated below showed adequate performance but it is anticipated that a h.gher overall aystallm.ty w.ll 

85 yie,d T^Crio"mance U, of the glass ceramic bonded wheel was compared with the wheel having the HA4C 
bond and the results are set forth in Table 3. The test consisted of the external wet gnnd.ng of hardened 
52?00 bearing steel. (Rc 58) using a 5% aqueous solution of Trim VHPE 300 fluid. The wheel speed was 
1 2 luu 5>m ZZ workspeed was 100 rpm The volume of metal removed per unit vo.ume of whee. wear. 
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(S/W or "the G- Ratio), was measured. This determines in practice the total amount of metal that can be 
removed before the wheel has to be replaced. Another even more significant measure of a grinding wheel's 
utility is the "Quality Measure". (S 2 /W), which takes into account not only the amount of metal that a wheel 
can remove, but also the rapidity with which this occurs. 

Table 3 



Wheel Properties/Performance: Wet grinding 52100 Steel 


Bond Used 


Comp.Dens. g/cm 3 


MRR in 3 "/min.in 


Power HP/in. 


G-Rat. S/W 


Quality S 2 /W 


Glass-cer. 


2.262 


0.809 


14.1 


134.5 


108.7 






1.348 


16.0 


162.9 


219.7 






2.020 


18.6 


147.7 : 


298.3 


HA4C 


2.260 


0.757 


16.3 


118.4 


89.7 






1.287 


18.9 


130.0 


167.3 






1.906 


21.1 


129.8 


247.4 



10 



IS 



20 



' 1 inch = 2.54 cm 



From Table 3 it is apparent that both the G-Ratio and the Quality Measure were markedly improved by 
the use of the glass-ceramic bond. It may also be observed that the wheel with the glass-ceramic bond cuts 
faster for a given power output. 

As will be appreciated the glass-ceramic bonded products of the invention are extremely versatile and 
25 can be tailored to almost any specification. The key variable is the firing schedule which varies with the 
formulation and the desired density of the crystal structure in the matrix. At all events it is necessary to 
ensure that the crystallization does not interfere with the flow and wetting of the grains or the formation of 
dense bond posts. Within these limitations, the crystallization can occur at any convenient time and extent 
The abrasive grain which is bonded by the glass-ceramic is not limited to the seeded sol gel alpha 
30 aluminas described above. Indeed any abrasive particles, or mixtures of particles, may be used. These 
could include for example, fused alumina, silicon carbide, cubic boron nitride, fused alumina/zirconia. 
diamond or any of the modifications or variations of any of the above, as well as others that are less 
commonly encountered. With some combinations it may be necessary to add other components to enhance 
interactions between the grain and the bond. As a rule the presence of these in no way detracts from the 
35 usefulness of the products of the invention. 

The abrasive products can be made into any useful shape such as a wheel, a hone, a pad. a wheel 
segment, and the like. It is however noted that the invention has its greatest utility in the application in 
which the strength of the bond is most tested and this tends to be in the context of grinding wheels. 

40 Claims 

1 An abrasive article that comprises abrasive grains bonded together by a glass-ceramic material wherein 
preferably at least about 75% of the bond material is located in bond posts or in a coating on the 
abrasive grains. 

2. The abrasive article according to claim 1 in which at least about 85% of the bond material is located in 
bond posts or in a coating on the abrasive grains. 

a The abrasive article according to claim 1 or 2 in which the glass-ceramic comprises at least 50% by 
volume of crystalline material. 

4. The abrasive article according to claim 3 in which the glass-ceramic comprises at least 80% by volume 
of crystalline material. 

The abrasive article according to one of the preceding claims in which the volume proportion of bond to 
grain is from 0.06 to 0.6. 

6. The abrasive article according to claim 5 in which the volume proportion of bond to grain is from 0.1 to 
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0.4. 

7. The abrasive article according to one of the preceding claims in which the abrasive material is an alpha 
alumina with an average micorcrystalline size of less than one urn. 

5 

8. The abrasive article according to one of the proceding claims in which the bond material is formed from 
a lithium aluminosilicate frit 

9. The abrsive article according to one of the preceding claims in which the glass-ceramic and the grain 
w have coefficients of thermal expansion that are within about 20% of each other. 

10. The abrasive article of one of the preceding claims which is a grinding tool especially a grinding wheel. 
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Description 

This invention is related to the production of glass-ceramic materials having compositions especially well suiied 
for bonding particulate ceramic materials into dense, strong composite articles, 
s The fabrication of composite articles comprising particulate ceramic materials bonded with a glass-ceramic has 

been practiced Iota number of years. Examples are illustraied in U. S. Patents No. 4,861.734. 5,112,777. and 
5,256.603. 

The Palent No. 5,1 1 2.777 describes a field of divalent metal borate and borosilicate glass compositions that yield 
unusually slrong glass-ceramic bonds when combined with Al 2 0 3 and/or other ceramic phases in particulate form and 

10 fired. The crystalline phases, consisting principally ol borate and/or alumina borates, can develop as a direct result of 
reaction/dissolution of borate or borosilicate glasses with refractory ceramic phases, most commonly A^O a . 

Our laboratory investigations have discovered a new family of thermally crystallizable lithium borosilicate glasses 
which can react with particulate AI2O3 in a different fashion from that described in Patent No. 5,256,603, supra, to form 
an exceptionally strong glass-ceramic bond with the particulate AI2O3, as measured in flexural and compression tests 

is performed on fired composite articles. The prelerred composite articles are comprised of about 10-30% by weight 
lithium borosilicate glass powder and about 70-90% by weight of alumina particles. The materials are mixed togelher, 
shaped into an article of a desired configuration, and then fired at temperatures between about 750°-950°, preferably 
850°-900°C, for a period of time sufficient to cause the particles to react together to form a sintered glass-ceramic- 
bonded ceramic composite comprising AI 2 O a particulates bonded together by a glass-ceramic. 

20 The bonding glass-ceramic comprises an interlocking, cross-bladed network of lath-like lithium aluminoborate crys- 

tals developed through interaction of the lithium borosilicate glass with the particulate AI2O3 during the sintering firing. 
Because of the very high strengths exhibited by these glass-ceramic bonds, they can provide a significant improvement 
in the performance of bonded alumina composites for applications such as abrasives, coatings, and electronic sub- 
strates. The inventive bonded composites demonstrate properties that can make them competitive in the abrasive field 

25 with the much more expensive super abrasives. 

The precursor glasses to be fired into the desired glass-ceramic bonds consist essentially, expressed in terms of 
weight percent on the oxide basis, of about 





Si0 2 


25-55 


MgO 


0-12 


30 


B 2 O a 


35-65 


Li 2 0+MgO 


4-16 




Li 2 0 


2-15 




» 



The expression "consist essentially of" is intended to allow the inclusion of minor portions of inorganic oxide com- 
ponents that are not detrimental to the desired properties of the inventive glass-ceramic and, most vitally, do not ad- 
versely aflect the bond developed through the interaction of the lithium' borosilicate glass with the particulate alumina. 

The above-ciled composition intervals have been found to be critical in producing glasses exhibiting the demanded 
properties. To illustrate: 

At least 25% Si0 2 is required to assure good glass flow and wetting ol the alumina particles, and to inhibit essentially 
instantaneous crystallization when the precursor glass is subjected to the crystallization heat treatment. That is, the 
glass must How sufficiently to wet and react with the alumina particles to form the desired bond. The presence of SiC^ 
also enhances the chemical durability of the glass. Where the level of Si0 2 exceeds .55%, however, the glass becomes 
quite refractory and flow thereof is reduced. Furthermore, high levels of Si0 2 can render the glass prone to phase 
separation. 

A concentration of B 2 O a of at least 35% is required to assure good flow of the glass. That is, levels less than 
35% result in glass exhibiting relatively high relractoriness with consequent less flow. On the other hand, concentrations 
of B20 3 above 65% lead to decreased chemical durability in the glass and unwanted crystallization, e.g., 9Al20 3 *2B 2 0 3 
crystals may occur. 

The presence of at least 2% Li z O assures.good glass flow and the formation of the lithium aluminoborate crystal 
phase, that phase believed to have the formula 2Li20-3AI 2 0 3 -2B20 3 , but its adverse effect upon the overall cost of the 
bond is one basis tor limiting its use to 15%. Furthermore, the.reaclion of high Lip bonds with Al 2 0 3 in combination 
with Si0 2 can lead to crystal phases other than the desired aluminoborate bond. 

Because of their high fluxing action and their adverse effect upon the formation of the desired lithium aluminoborate 
phase, the preferred inventive materials will be essentially free from the alkali metal oxides Nap and K z O. By the 
expression "essentially tree from", it is meant that the glass does not contain an amount of a component, for example, 
Na 2 0 and/or K 2 0. sufficient to alter the chemical and/or physical characteristics of the precursor glass and/or the linal 
glass-ceramic. Preferably, the component will be absent entirely, but that circumstance is not always possible because 
the batch materials frequently contain the component as an impurity. 
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MgO appears to augment the action ot L^O, thereby enabling the level ot Lip to be maintained at a lower value., 
while still forming large amounts of the desired crystalline bond phase. It is believed that MgO may form a solid solution 
within the 2Li20-3AI 2 0 3 2B 2 0 3 crystal, perhaps MgO-Li 2 0-3AI 2 0 3 -2B 2 0 3 . MgO also seems to' improve the chemical 
durability of the glass. Concentrations in excess of 12%. however, hazard the development of unwanted refractory 
crystal phases, such as spinel, in reacting with the particulate alumina. 

Laboratory experimentation has indicated that the most desirable physical characteristics will typically be exhibited, 
both in the precursor glasses and in the crystallized glass-ceramic, in those glass compositions consisting essentially 
solely of Li 2 0, B 2 0 3 , Si0 2 , and, optionally, MgO. Nevertheless, minor additions, generally less than a total of 10%, of 
compatible inorganic metal oxides such as, for example, AfeO^ La 2 0 3 , Ce0 2 , MnO, PbO, TiO^ ZnO, and 2r0 2 , can 
be included to modify the properties demonstrated by the glass and those of the glass-ceramic alumina composite 
body. Care must be exercised in adding extraneous oxides, however, to avoid the generation of low melting glassy, i. 
e., uncrystallized, phases in the final product. 

The method for preparing the inventive composite bodies comprises the five general steps recited below: 
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(a) a batch for a thermally crystallizabte glass having a composition within the above ranges is melted; 

(b) that melt is cooled to a glass body and that body is comminuted to a finely-divided powder; 

(c) that powder is blended thoroughly with finely-divided alumina to form a homogeneous mixture of the powders; 

(d) that mixture of powders is shaped into a body of a desired configuration; and 

(e) that body is heated to a temperature and lor a time sufficient to sinter the glass particles together into an integral 
body while wetting the particles ot alumina to a sufficient extent to react with the alumina particles to thereby 
develop a strong bond with the alumina powders. 

As mentioned above, sintering temperatures as low as 750° C can be operable with certain glass compositions. It 
is well-recognized in the art, however, that sintering, crystallization, and matrix filling reactions take place more rapidly 
as the temperature is raised. Furthermore, it is also welt-recognized in the art that the time necessary for sintering, 
crystallization, etc., is dependent upon the temperature at which the reactions are carried out. Finally, it is well-recog- 
nized in the art that very high reaction temperatures can lead to thermal deformation of the body, extensive reactions 
that can produce undesirable phases, and even to volatilization ot the glass components. Accordingly, a temperature 
of about 950°C has been deemed to comprise a judicious maximum heat treating temperature. Periods of time ranging 
about 2-24 hours can be utilized. In general, to assure essentially complete reaction with the alumina particles, a firing 
period of about eight hours has been deemed to be a practical compromise. , 

Whereas the three United States patents discussed above, viz., Patent No. 4,861 ,734, Patent No. 5,112,777, and 
Patent No. 5,256,603, are believed to constitute the most pertinent prior art, the two patents briefly reviewed below 
are distantly related to the subject invention. 

United States Patent No. 3,006.775 (Chen) discloses and claims the production of glass-ceramic articles consisting 
essentially, in weight percent, of 



45 



SO 



ss 



Li 2 0 


4-30 


AI 2 O a 


3-25 


Si0 2 


50-80 


Fluxing. Agent 


0-15 



wherein is recited as being a potential fluxing agent. The resulting glass-ceramics contain lithium aluminum 
silicate crystals and/or lithium silicate crystals, and the use ot the materials as a bonding agent for alumina is noted. 
Nevertheless, it is immediately evident that the level ot Bj>0 3 is far below the minimum 25% mandated by the Applicants 
and the crystal phases are unlike those of the Applicants. 

United States Patent No. 5,024,974 (Nakamura et al.) discloses and claims glasses exhibiting nonlinear optical 
effects through the presence of ultrafine particles of CuCI and/or CuBr particles contained therein. The base glasses 
consist essentially, in mole percent, ot 



Si0 2 


10-70 


Li0 2 +Na 2 0+K 2 0 


0.1-50 


B 2 0 3 


30-90 


CuCI+CuBr 


0.01-10 


At 2 0 3 


0.01-40 







There is no reference to particulate alumina or to the operability of the glass compositions to form bonds with those 
particles. There is no mention of aluminoborate crystals; the sole crystals described consisted of CuCI and/or CuBr. 

Table I reports a number of glass forming compositions, expressed in terms of parts by weight on the oxide basis, 
illustrating the subject invention. Because the sum of the components totals or very closely approximates 100^ for all 
practical purposes, the tabulated values may be considered to represent weight percent. The actual batch ingredients 
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can comprise any materials, either the oxides or other compounds, which, when melted together, will be converted 
into the desired oxide in the p.oper proportions. For example, LfeCOa and MgC0 3 can constitute the sources of LUO 
and MgO, respectively. d 

The batch materials were compounded, thoroughly blended together to assist tn obtaining a homogeneous melt, 
5 and charged into platinum crucibles. The crucibles were then introduced into a furnace operating at a temperature of 
about 1500 6 C and maintained therewithin for about 1 -2 hours. 

To reduce the time and energy necessary to comminute the glass to finely-divided particles, the melts were often 
poured as a fine stream into a bath of tap water. This procedure, termed 'drigaging' in the glass art, breaks up the 
stream of molten glass into small fragments which can then be milled or otherwise powdered to the desired particle 
io si2e. Another technique commonly used to achieve the same goal includes running a stream of molten glass between 
metal rollers to form a thin ribbon of glass which was thereafter crushed and milled to the desired particle size. 

It must be appreciated that the above description of mixing, melting, and forming procedures reflects laboratory 
activity only. The inventive glass compositions are capable of being processed utilizing mixing, melting, and forming 
practices conventionally used in commercial glassmaking. Thus, it is only required that. the batch constituents be thor- 
15 oughly blended together, melted at a sufficiently high temperature for an adequate period of time to secure a homo- 
geneous melt, and subsequently shaped into a glass body. 

The glass was reduced to powders having an average fJarticle diameter of about 10um through ballmiliing using 
Al 2 0 3 cylinders as the milling media and methanol as the milling aid. After drying, the powders were thoroughly mixed 
with Al20 3 powders passing a No. 80 U. S. Standard Sieve (117nm) in a vibratory mixer 
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1 


2 


3 


4 


5 


6 
















Si 2 0 


26.2 


41.5 


38.8 


37.0 


47.2 


51.5 


B 2 0 3 


60.7 


48.1 


48.3 


53.7 


41.0 


39.9 


Li 2 0 


13.1 


10.4 


12.9 


9.3 


11.8 


8.6 






7 


8 


9 


10 


1'1 


12 


Si 2 0 


46.6 


45.5 


51.2 


50.8 


34.4 


52.3 


B 2 0 3 


43.3 


42.3 


39.6 


39.3 


53.2 


40.4 


Li 2 0 


7.0 


6.8 


6.4 


4.2- 


8.6 


4.4 


MgO 


3.1 




2.9 


5.7 


3.9 


2.9 


MnO 




5.4 














13 


14 


15 


16 


17 


18 


Si0 2 


48.4 


48.7 


.46.2 


44.0 


44.3 


42.3 


B 2 0 3 


37.4 


37.7 


44.7 


42.5 


42.8 


40.1 


Li 2 0 


6.1 


8.1 


3.9 


3.7 


5.5 


6.5 


MgO 


8.1 


5.5 


5.2 


9.8 


. 7.4 


2.9 


Al 2 0 3 












7.3 
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20 


21 • 


22 


23 


24 


Si0 2 


43.7 


44.5 


48.4 


40.8 


43.5 


43.2 


B 2 0 3 


33.8 


43.0 


37.4 


47.3 


42.0 


41.7 


u>o 


5.5 


5.6 


4.0 


5.1 


7.2 


5.4 
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TABLE I (continued) 





1 


2 


3 


■ 4 


5 


6 




7 


8 


9 


10 


11 


12 




13 


14 


15 


16 


17 


18 




19 


20 


21 


22 


23 


24 


MgO 


4.9 


5.0 


5.4 


6.8 


7.3 


9.7 


ZnO 




2.0 ! 










MnO 






4.8 









In order to evaluate porous samples for potential use in bonded abrasives, small (3.5 grams) composite pellets 
were formed by mixing glass frit [particles passing a No. 325 U.S. Standard Sieve (44 um)], ceramic particles passing 
a No. 80 U.S. Standard Sieve (177p.m) , and small amounts ot water at concentrations calculated to yield specific grain- 
bond proportions. The mixtures were blended by hand, afler.which cylindrical pellets were dry pressed at 10,000 psi 
(~703 kg/cm 2 ) and tired according to selected heat treating schedules. For strength measurements, at least three 
pellets were prepared and tested at each conditions and the measurements averaged. 

After visual examination, the fired composite pellets were subjected to axial compression strength measurements, 
those values providing a measure ol crushing strength. Where compositions and firing schedules yielded particularly 
high compression strengths, discs thereof having a diameter of 1.5" p3.8 cm) and weighing 18 grams were prepared 
and fired in a manner similar to the pellets fired above. Those discs were submitted for modulus of rupture (MOR) 
testing utilizing a standard piston-on-three-ball technique. 

Table II reports the heat treatment schedules applied lo the 3.5 gram composite pellets and the 18 gram discs 
employing an electrically heated furnace. After the final hold temperature, the pellets were cooled at furnace rate; Le., 
the electric current to the furnace was cut off and the pellets were allowed to cool to room temperature retained within 
the furnace. 

Table II recites the dwell temperature in °C, along with a qualitative appraisal of the bond crystallinity as estimated 
via x-ray diffraction analysis of fine powders, a measurement ol flexural strength-reported as modulus of rupture (MOR), 
and a measurement ot compressive strength, both of those measurements : being expressed in terms of MPa and Ksi 
(thousand psi). 



TABLE II 



Example 


Heat Treatment 


Bond Crystallinity 


MOR 


Compression 


1 


800 


Very High 


60.72 MPa; 8.8 Ksi 


234.6 MPa; 34 Ksi 


2 


900 


High 


70.38 MPa; 10.2 Ksi 


255.3 MPa; 37 Ksi 


3 


850 


Very High 




255.3 MPa; 37 Ksi 


4 


850 


High 




248.4 MPa;36 Ksi 


5 


900 


Medium 


71.07 MPa; 10.3 Ksi 


227.7 MPa; 33 Ksi 


6 


850 


Low 


84.87 MPa; 12.3 Ksi 


255.3 MPa; 37 Ksi 


7 


900 


High 


85.56 MPa; 12.4 Ksi 


255.3 MPa; 37 Ksi. 


8 


825 


Low 


86.25 MPa; 12.5 Ksi 


282.9 MPa; 41 Ksi 


9 


900 


Medium 


85.56 MPa; 12.4 Ksi 


269.1 MPa; 39 Ksi 


10 


850 


High 


80.04 MPa; 11.6 Ksi 


289.8.MPa;42Ksi 


11 


850 


High 




262.2 MPa; 38 Ksi 


12 


850 


Medium 


79.35 MPa;11.5 Ksi 


276.0 MPa; 40 Ksi 




900 


Medium 


84.18 MPa; 12.2 Ksi 


. 269.1 MPa; 39 Ksi I 




900 


High 


80.04 MPa; 11.6 Ksi 


269.1 MPa; 39 Ksi 



Continuation of the Table on the next page 
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Example 


Heal Treatment 


Bond Crystallinity 


MOR 


Compression 


15 


900 


Medium 


82.80 MPa; 12.0 Ksi 


269.1 MPa; 39 Ksi 


16 


900 


Medium 


87.63 MPa; 12.7 Ksi 


269.1 MPa; 39 Ksi 


17 * 


900 


Medium 


91.08 MPa; 13.2 Ksi 


262.2 MPa; 38 Ksi 


18 


900 


Medium 


74.52 MPa; 10.8 Ksi 


262.2 MPa; 38 Ksi 


19 


900 


Medium, 


91.08 MPa; 13.2 Ksi 


310.5 MPa; 45 Ksi 


20 


900 


Medium 


91.77 MPa; 13.3 Ksi 


248.4 MPa; 36 Ksi 


21 


900 


Medium 


93.15 MPa; 13.5 Ksi 


269.1 MPa; 39 Ksi 


22 


900 


Medium 


92.46 MPa; 13.4 Ksi. 


282.9 MPa; 41 Ksi 


. 23 


900 


Medium 


96.60 MPa; 14.0 Ksi 


269.1 MPa; 39 Ksi 


24 


900 


Medium 


, 103.5 MPa; 15.0 Ksi 


241.5 MPa; 35 Ksi 



The very high mechanical strengths demonstrated by the sintered glass-ceramic-bonded AI2O3 particles strongly 
20 recommend the inventive thermally crystal lizable glasses as bonding media for particulate Afe0 3 in such applications 
as grinding wheels and other abrasive products where A1 2 0 3 particles comprise the abrasive material. 

Whereas the above laboratory work was drawn to lorming bulk bodies, it will be appreciated that the inventive 
materials can be applied as coatings on high temperature refractory ceramics and metals, and as substrates tor mi- 
croelectronic circuitry. 

25 Founded in an overall matrix of physical properties, the glass-ceramic-bonded A! 2 0 3 composite comprising Ex- 

ample 17 sintered at 900°C has been deemed to comprise the most preferred embodiment of the invention. 
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Claims 



1 . A thermally crystallizable glass consisting essentially expressed in terms of weight percent on the oxide basis, of 



AS 



SO 



ss 



Si0 2 


25-55 


• MgO 


0-12 ! 


B 2 O a 


35-65 


Li 2 0+MgO 


4-16. 


Lip 


2-15 







2. A thermally crystallizable glass according to claim 1 also containing up to 10% total of at least one inorganic metal 
oxide selected from the group consisting of AfeO^ Ce0 2> La 2 0 3 , MnO, PbO, TO 2 , ZnO, and ZrO z . 

3. A thermally crystallizable glass according to claim 1 having a composition which is essentially free from Na 2 0 and 

4. A sintered glass-ceramic-bonded ceramic composite body comprising about 70-90% by weight of alumina partic- 
ulates and about 10-30% by weight of glass-ceramic, said glass-ceramic being crystallized in situ from a.glass 
consisting essentially, expressed in terms of weight percent on the oxide basis, of 



Si0 2 


25-55 


MgO 


0-12 


B 2 O a 


35-65 


LfeP+MgO" 


4-16. 


Li 2 0 


2-15 







5. A composite body according to claim 4 wherein said giass*eramic is bonded to said alumina particulates through 
lithium aluminoborate crystals. 

6. A composite body according to claim 4 wherein said thermally crystallizable glass also contains up to 10% total 
of at least one inorganic metal oxide selected from the group consisting of ^Q 2 , Ce0 2 , La 2 0 3 , MnO, PbO, TK> 2 , 
ZnO, and Zr0 2 . 
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7. A composite body according to claim 4 wherein said thermally c'rystallizable glass has a composition which is 
essentially tree trom Na 2 0 and K 2 0. 

8. A melhod for forming a sintered glass-ceramic -bonded ceramic composite body comprising about 70-90% by 
s weight of alumina particulates and about 10-30% by weight of glass-ceramic comprising the sleps of 

(a) melting a batch for a glass consisting essentially, expressed in terms ot weight percent on the oxide basis, of 





Si0 2 


25-55 


MgO 


0-12 


10 


B20 3 


35-65 


Li 2 0+MgO 


4-16; 




Lip 


2-15 







(b) cooling said melt and simultaneously shaping said melt into a glass body of a desired configuration; 

(c) comminuting said glass body into finely-divided powder; r 

(d) mixing that powder with finely-divided alumina particulates; 

(e) shaping said mixture into a body ot a desired configuration; and then 

(f) healing said body to a temperature and tor a period of time sufficient to sinter said glass particles into an 
integral body while wetting said alumina particulates to a sufficient extent to react with said alumina particulates 
to thereby develop a strong bond of lithium aluminoborate with said alumina particulates. 

9. A method according to claim 8 wherein said glass also contains up to 10% total of at least one inorganic metal 
oxide selected from the group consisting of Al 2 p 3 , Ce0 2 , La 2 0 3 , MnO, PbO, Ti0 2 , ZnO, and 2r0 2 . 

10. A method according to claim 9 wherein said glass is essentially free trom Na^ and K 2 0. 

11. A method according to claim 8 wherein said body is heated to a temperature between about 750°-950°C. 

12. A method according to claim 11 wherein said body is heated to a temperature between about 850°-900°C. 

13. A method according to claim 8 wherein said body is heated for a period of lime ranging about 2-24 hours. 
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(72) [Inventor] 

[Name] Shimamori molten 

(57) [Abstract] 

[Objective] It offers with thing and simple production method w 
hich offer spinel ceramic of therrigh density and high strength 
thing 

[Constitution] Marufacturingrrethod of spinel ceramic which d 
esigpates that adding and mixing it does theinside one kind or 
more of composite oxide of rare earth oxide and rare earth 
element and othenretal element in spinel powder, calcines and 
denstfication it does as feature. 

[Oaimts)] 

[Claim 1 ] Spinel ceramic which designates spinel MgAl2(34 as 
main ccirponent, includes insidedne kind or more of composite 
oxide of rare earth oxide and rare earth element and other 
metal element. 

[Claim 2] Spinel ceramic which is stated inOaiml wherecont 
ent of instdeone kind or more of conposite oxide of rare earth 
oxide and rare earth element and other metal element isthe 0.1 
to 30 weight 0 /* 

[Claim 3] Manufacturing method of spinel ceramic which desi 
gnates that adding and nixing it docs theinside one kind or 
more of conposite oxide of rare earth oxide and rare earth 
element and othenretal element in spinel powder, calcines and 
densification it does as feature. 

[Description of die Invention] 
[0001] 

[Field of Industrial Application] Window material charge etc wh 
ich is used with high tenperature it can utilize thelitis invention, 
spinel ceramic, ideally in high temperature structural material 
which possesses corrosion resistance and as the translucent 
material. Funtemore from tact that it is superior in radiation 
resistance, structural material of nuclear power facility, it can 
utilize this spinel ceramic even in functional material. 

[0002] 

[Prior Art] Spinel ceramic (MgAl20*) because it is a stability ev 
en in scientific with high melting point, was expected, as high 
temperature structural material which possesses corrosion 
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[000 5] 

(i) mwitota 



resistance in additionbecause it is a optical isotropic shape, also 
application as translucent material was expected As Prior Art 
regarding rrainjfacturing netted of spinel ceramic 

(1) Method (RJLBrat ton , Journal of the American Ceramic Soc 
iety (0002-7820, JACTAW) ,57,283 - 285(1974)) where it 
adds CaO, in vacuum and Ar atmosphere,, itcalcines with kind 
of rrultiple steps with 1500 to 1600 °C 8-hour with 1 hour and 
1700 °Cto 1850 °C and makes dense. 

(2) Method which obtains spinel ceramic where by fact thai it c 
aldnesmakinguse of material of AI2O0, with hot press 
strength Is figtiwith dense ( Kanzaki Shuzo other things, 
refractory industry society magazine, 87, [5] ,(1979)). 

(3) There is a method (Japan Ihexanined Patent Publication S 
howa 1 - 296956) which specific surface area it calcines in 
spinel powder includingthe delta alumina fine powder of 50 to 
400 irfi/g, obtains spinel sinter of density 95 % or hi^ier. 

[0003] 

[Problems to be Solved by the Invention] When spinel ceramic 
it uses as structural material, it is necessary to obtain thehighly 
strong material with dense, but this was difficult . With 
above-mentioned (1), atmosphere for sintering and precise 
controlof temperature are necessary, in addition with (2) hot 
press method must beused, because, it is difficult to obtain part 
of complex form. In addition with (3), because it is a fine 
powder, handling is not easy, this invention designates that 
spinel ceramic of hi $1 density and high strength isofTered and 
that it offers with simple production method as objective. 

[0004] 

[Means to Solve the Problems] There is a spinel ceramic where 
means of first designates spinel MgAl204 asthe main 
component, includes inside one kind or more of composite 
oxide of rare earth oxide and therare earth element and other 
metal element Inside one kind or more of composite oxide of 
rare earth oxide and rare earth element and othermetal element 
adding and nixing it does second means, in spinel powder, 
calcines and there isa rranufacturing method of spinel ceramic 
which designates that densification it does asfeature. 

[0005] 

[Work or Operations of the Invention] 
( 1 ) Promotion of densification 

Dense spinel ceranic can be acquired nx>m when as for spinel po 
wder which adds theoxide powder of rare earth, sintering 
behavior is good in comparison with powder which is not added, 
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[0006] (2) S5*g<t 



iSiDSli, O. 1-3 0wt%A<fil\ O. 1wt%5fe 
j»T-tt, »te1t^»aO)i«l=tt*A«ft< % 3 0wl% 



[0007] 

[SSJfiGlRtftt&tt] tt$l8lOmVg, &g9 9 
. 9%<DMgA l 2 0 4 t»*i:^1(C^*r»iD«8^dJ5e 



calcines with same condition. Details of cause where sintering 
behavior becomes good are unclear, butthe oxide powder of rare 
earth which is added while calcining is thought thatit 
conlribiies to denafication, from feet that one part or all reacts 
withfhe spinel powder, with a some mechanism . 

[0006] (2) High sn-engthening 

Oxide powder of rare earth is added and spinel ceramic which is 
calcined withthe high strength and becornes something where 
variation of strength is lessin comparison with ceramic which is 
not added Action which , oxide powder causes to rri$i 
strenghenirig is thought uWollowing3. 

Air hole of cerarric interior decreases due to feet that densificat 
ion ispromoted, because destruction which designates this as 
soiircestopshaprjeru^be rrigfrstrengfh. 

Compound which it occurs due to oxide or reaction which itadds 
while calcining, becomes damage of grain growth of spinel 
particle. Therefore as for stneture of ceramic which is acquired, 
particle diameteris small, at same time does not include coarse, 
large particle and becomes thecomplete set particle diameter 
relatively. Because of this it becornes hi^i strengh. 

Compound which it occurs due to oxide powder particle or reacti 
on after calcinihgbecomes state which is dispersed to uniform in 
spinel ceramic. This case of destruction it becomes interference 
of crackdevelopment and strength improves. 

As for addition quantity, 0.1 to 30 wt% is good When under 0 
.1 wt%, there is not an effect in factory of sintering 
behaviorand strength, is more than 30 wt% because sirtfering 
behavior of oxideitself of rare earth is not good, density 
decreases rather. 

[0007] 

[Working Example and Comparative Example] MgAl204 powd 
er of specific surface area 10 m2/g and purity 99.9 % and 
additive which is shown inthe Table 1 were designated as starting 
material, spinel * rani i nix wasr^oduced wim sintering 
method and sintering temperature condition which are shown 
in Table I. 
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[Table 1 1 
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Density of ceramic which it acquires, result of appraising the fie 
xural strength is shown in Table 2. As for density it showed 
with ratio ( theoretical density ratio) of density. You appraised 
flexural strength, with 3 -point bending strength measurement 
ncthod of lower span 30 mm In addition, existence of crystal 
phase in sinter was veri fied with theX-ray diffraction 



[0 0 0 8] 



[0008] 



ISTAs Paterra(tm), Version 1.5 (There nay be errors in the above translation ISTA cannot 

be held liable for any detriment from its use. WWW: hrtp://ww.intisderce.com Tel:800-430-5727) 



JP 94040765A Machine Translation 



[Table 2] 
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If8£/)<1 8kg f /mm? ia±tj5^ofc. 1$l:No 
, *-fedblfMKt 2 0 k g f /mm2 IgLt&Xfttofc. 



[0009] CfelCttU J±«tWTife^No. 1 4l*j£ 
ICt-*Ci:liT'tfcA<^SttlT£A^o^. No. 1 

l»ofc. No. 1 7<D-fe^5 y^XttfrfcMMttfe 

(Dft^yfzMgo^s^t^t^-efc^A^tolftS^^ 



As for oerairic Na 1 to 13 which belongs to claims of this inven 
tion, flexural strength 18 kgtfmrrfi or greater washigh. 
Especially, as for No. 1 to 11, iri each case theoretical density 
ratio 95 % or higher washigh, in addition also flexural strength 
20 kgf7mrrG or greater was high And, when you observe with 
scanning electron nicroscope, it did not include coarse, large 
particle, ithad become complete set particle diameter. In 
addition, when elemental analysis it does, crystal phase other 
than spinel was dispersed to uniform 

[00091 Vis-a-vis this, as for No. 14 which is a Comparative Exa 
mple because of theadditive none, it was possible by fact that 
hot press sintering metliod is used inconparison with this 
invention No. 1 and No 3 which are calcined with thesame 
condition to make higji density but strength was low. In 
addition, it was possible to make hi$i density, by fact that 
the>to.l5andNo.l6nnke sintering temperature high, change 
calcining rreans,but strength was low. ceramic of No. 17 is 
something which adds MgO in place ofthe rare earth oxide, but 
both density and strength it was low in ronparisonwith No.5 
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which does additive quantity similarly. Furthermore with this 
example, oxide powder was used as starting material, but it is 
good even with metal and nitride etc not just this 

[Effects of the Invention] Ceramic of higji strength and highd 
ensity can be acquired 
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